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ABSTRACT
Cabernet Sauvignon wine grape cultivar is well adapted in many of the tropical conditions of the globe and 

is also widely grown in Indian conditions. The experiment was conducted on Cabernet Sauvignon vines grafted 
on 110R rootstock and spaced at a distance of 2.438 × 1.219 m. These vines were pruned on 14, 21 and 28 Sep., 
2012 as first pruning (P1), second pruning (P2) and third pruning (P3), respectively and crop levels of 20, 30 
and 40 bunches per vine were maintained as L1, L2 and L3, respectively. Samples of must and young wines 
were collected and analyzed by using OenoFossTM (a FTIR based wine analyzer). GC-MS with single quadrapole 
(source temperature of 230oC and quad temperature of 150oC) was used for estimation of aroma compounds. 
Analysis was carried out by DB-WAXetr column on full scan mode. The must and wine quality parameters were 
affected by both pruning time and crop levels. Wine from P1 was found with more ethanol as must of the same 
treatment contained more TSS. In case of crop level, L3 was recorded with maximum (10.80 per cent) ethanol 
followed by L2 and L1. The maximum titratable acidity in wines was recorded in L1 and minimum was in L3. The 
wines prepared from P2 with different crop levels were registered with higher colour intensity and maximum 
was in P2L2 (4.45). Delayed pruning combination with crop levels was noted in lower colour intensity and in 
P3L3 the value was only 2.20. Study on aroma compounds showed differences in conc. Wines from delayed 
pruning were found with better aromas.
Key words: Wine grapes, fermentation, quality, aroma compounds.

INTRODUCTION
Grape growing in tropical regions has been 

performed commercially since last 50 years. Among 
the tropical climatic conditions its cultivation is 
successful in the countries like Brazil, Thailand and 
Venezuela (Jogaiah et al., 13). In India, commercial 
grape growing for table, resin and wine making has 
also been successful under tropical parts of Deccan 
plateau. Wine grape varieties including ‘Cabernet 
Sauvignon’ are well adapted in this region. Grape 
growing in tropical climate is different as compared 
to temperate climate. In tropics, vines enters in the 
dormancy and in temperate, due to winter chill, vines 
goes in to dormancy results in only one harvest in 
a year. Whereas, tropical climate offers optimum 
climatic conditions for vine growth that requires two 
pruning and single cropping this is adopted for both 
table as well as wine grape varieties. The vines are 
trained to mini Y system. The pruning is practiced 
during September-October and harvesting period is 
January to March in Maharashtra (Sharma et al., 20).

India entered recently in wine grape production 
and facing quality issues as compared to international 
brands. The higher crop loads are in general 
associated with poor wine quality. Therefore, there is 

need to improve the wine grape quality through crop 
regulation and. There are also many other reason 
which are generally affect the wine grape quality like 
hot weather during harvest season, it may result in 
reduced wine quality due to poor quality of wine. 
Hence, standardization of agro-techniques for wine 
grape is prerequisite which should be in line with the 
prevailing climatic conditions. It has been known that 
the best wines obtained from those vineyards where 
vegetative growth and crop yield are in balance (Dry 
et al., 7). Manipulation of crop load, either by post 
bloom cluster thinning or reduction in clusters after 
veraison, affect the characteristics in the final wine. 
An increase in crop load reduces must sugar, berry 
size, and pH, and increases total acidity, tartarate 
and malate (Boulton, 2). An indication of potential 
wine quality is reflected by lower pH, higher levels 
of colour, tannins, phenols and acidity. The aroma 
of the wine is known to be influenced by more than 
1000 aroma compounds (Tao and Li, 21). Effects 
of crop level reduction are generally results in an 
increase in Brix, anthocyanins, total phenols, and 
color intensity (Jackson and Lombard, 12; Mazza 
et al., 14; Reynolds et al., 17). The diversity of 
aromatic compounds in wine is immense and ranges 
in concentration from several mg l−1 to a few ng l−1 
(Zhang et al., 23). Combinations and quantity of *Corresponding author's E-mail: ajay.sharma1@icar.gov.in

**ICAR-IIHR, Bengaluru 560689 
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aroma compounds in wines affected by varieties, 
growing conditions, crop levels, training type and 
pruning time, yeast strain used for fermentation, 
fermentation conditions etc. Among the growing 
conditions, environmental conditions after veraison 
to harvest decide the content of sugars, acidity, 
anthocyanins, phenolics and tannin in grape berries. 
In tropical conditions, more sugar accumulates 
in berries and results in higher alcohol in wines. 
Advanced grape maturity and greater exposure 
to the sun favors the accumulation of varietal 
compound in the berry (Schneider et al., 19). 
Lower canopy densities may produce an increase 
in glycosidically-bound compounds in the berry 
(Jackson and Lombard, 12; Zoecklein et al., 24). 
High levels of alcohol can alter the sensorial quality 
of wines by increasing the perception of hotness and, 
to a lesser extent, by decreasing the perception of 
sweetness, acidity, and aroma (Escudero et al., 8 
and Gawel et al., 9). Grapevine faces various abiotic 
stresses like high temperature, soil structure, salinity, 
irrigation water with high sodium content, low water 
availability etc. in this region. Standardization of 
pruning time and maintaining crop levels to obtain 
quality grapes for producing acceptable wines are 
main targets in tropical regions. Sometimes we have 
to consider profitability of grape growers as input 
cost is always higher in tropical regions. Systematic 
studies were initiated on varietal suitability under 
tropical conditions, water requirements; rootstock 
identification etc., but pruning time and suitable 
crop load to achieve quality wines was not targeted 
in previous studies. Prevailing temperature after 
veraison and impact of crop levels on grape quality 
is well established (Sharma et al., 20). Present study 
was conducted to identify suitable pruning time and 
crop levels for obtaining quality wine of Cabernet 
Sauvignon under tropical growing conditions.

MATERIALS AND METHODS
The vines of Cabernet Sauvignon grafted on 

110R rootstock and spaced a distance of 2.438 × 
1.219 m, were selected for the experiment. The 
vines were pruned on 14, 21 and 28 Sep 2012 as 
first pruning (P1), second pruning (P2) and third 
pruning (P3), respectively. The crop levels of 20, 30 
and 40 bunches per vine were maintained as L1, L2 
and L3, respectively. All the cultural practices like 
nutrient and irrigation management, plant protection 
measures, canopy management practices are 
followed as per the recommendations made for 
the region. The fruit samples were collected 150 
days after pruning. The data on total acidity, TSS, 
pH was noted by using OenoFossTM (FTIR based 
wine analyzer). The grapes were harvested when 

berries attained desired TSS. In each treatment, 10 
vines were selected randomly and earmarked. Each 
treatment was replicated thrice. A group of about 
100 berries, representing each and every vine was 
used to estimate berry parameters like pH, TSS and 
acidity. Three separate samples were collected from 
each treatment and analyzed. 

A commercial wine yeast strain was used for 
fermentation of Cabernet Sauvignon grapes. The 
must was fermented in food grade plastic vessels 
which were kept at 20 ± 2°C. On 12th day when 
fermentation was completed, seeds and skin were 
separated from wines. During the fermentation 
process, the must were punched two times every day. 
The wines were stored at low temperature for racking 
and 80 ppm SO2 was maintained by adding potassium 
metabisulphite. For analysis, the wine samples were 
collected from second racking. OenoFossTM was 
used for obtaining data on different parameters. The 
collected data were statistically analyzed by using 
SAS program.

The final method for analyze volatiles compounds 
from grapes and wine involved extraction i.e. 
evaporation of all the major volatile compounds 
from the 2 mL fine crushed and homogenized sample 
taken in Head-Space vial of capacity 20 mL crimped 
with aluminum cap. The vial was kept in Head-Space 
sampler, before injection vial transferred to oven at 
150°C for equilibration, equilibration time was 40 
min. After complete equilibration volatile compounds 
from head space of vial transfer to loop, transfer line 
and back inlet having temperature 160°C, 170°C and 
220°C, respectively. Sample was analyzed by GC-
MS with single quadrupole had source temperature 
230oC and quad temperature 150°C. Analysis was 
carried out by DB-WAXETR column on FULL SCAN 
mode (Banerjee et al., 1).

RESULTS AND DISCUSSION
The must quality is affected by both pruning time 

and crop load. The delayed pruning was resulted in 
less TSS, pH and total acidity. The maximum TSS 
(22.43°B) was recorded in P1 which was 22.13°B in 
P2 and 20.88°B in P3 (Table 1). Significantly higher 
TSS was found in P1 and P2 over P3. Among the 
pH values differences were non-significant. However, 
pH values were decreased by delayed pruning. 
Total titratable acidity was also recorded higher in 
early pruned vines. Volatile acidity was lesser and 
non-significant differences were observed. In case 
of crop levels, surprisingly low TSS was noted in L1 
and L2 in comparison to L3 where crop level was 
higher. The pH was also increased with increasing 
crop level. By increasing crop level, reduction in total 
acidity content of must was noted. Maximum acidity 
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was recorded in L1 and minimum was in L3. Very 
low values of volatile acidity were noted with non-
significant differences. Interaction data of pruning 
time and crop levels showed significant differences 
except volatile acidity. The maximum TSS (23.10°B) 
was noted P1L3; while, minimum (20.60°B) was in 
P3L1. Non-significant differences were noted in pH 
values and minimum pH i.e. 3.68 was observed in 
P3L1. The combination of P1L1 was registered with 
maximum total acidity (16.40 g/L) and minimum 
acidity was found in P3L1. Volatile acidity was within 
the range of 0.06 to 0.08 and maximum was in P2L1 
and P3L1.

The quality of grapes reflects in wine quality. 
Data on wine quality parameters are given in Table 2. 
Delayed pruning was noted in reduced acid content 
and increased pH. Total acidity was maximum (5.16 
g/L) in wine obtained from P2 followed by P1 and P3. 
More ethanol (11.03) was noted in P1 followed by P3 

(10.83) while it was surprisingly lowest in P2 (8.83). 
Minimum malic acid (2.54 g/L) was found in P1 and 
maximum (3.20 g/L) was recorded in P2 followed by 
P3. Same pattern was followed in case of volatile 
acidity which was ranged 0.50 to 0.62 g/L. Wine 
obtained from P2 having maximum colour intensity 
(4.26) followed by P1 (3.65). In case of crop levels, 
maximum total acidity (4.90 g/L) was observed in L3 
followed by L2 and L1. While, minimum pH (3.84) was 
noted in L2. Ethanol content was maximum (10.80 per 
cent) in L3 followed by L2 and L1. Malic content in 
wines was ranged from 2.73 to 2.90 g/L and maximum 
was noted in L1 followed by L2 and L3. Volatile 
acidity was found within the range of 0.56 to 0.65 g/L 
and minimum was note in L1. The maximum colour 
intensity (3.77) was observed in L2 followed by L1 and 
L3. As per data of interaction, total acidity was varied 
from 3.90 to 5.30 g/L and pH was noted in the range 
of 3.73 to 4.10. The combinations of P2 with all crop 
levels were noted with surpassingly low ethanol per 
cent in wines. However, the range was varied 7.00 to 
11.70 and maximum was recorded in combination of 
P1L3. Comparatively more acidity was noted in wines 
prepared from P2 crop levels and maximum malic acid 
content (3.60 g/L) was noted in P2L1 while in wine 
P1L3 it was only 2.30 g/L. Volatile acidity was ranged 
within 0.45 to 0.73 g/L and minimum was observed 
in P3 L1 and P3L2 while maximum was in P2L3. The 
wines prepared from P2 with different crop levels were 
registered with higher colour intensity and maximum 
was in P2L2 (4.45). Delayed pruning combination with 
crop levels was noted in lower colour intensity and in 
P3L3 the value was only 2.20.

It is found that high-yielding vines produce lower-
quality wines. The relationship between the crop level 
and the wine quality has been widely investigated and 
reviewed from various wine regions (Sharma, et al., 
20). Pruning and harvesting practices in vineyards are 
decided considering the grape quality requirements 
of wineries with desirable TSS. Beside pruning time, 
crop level has its own impact on wine quality. This 
trend concurs with the previous work of Guidoni et al. 
(11) who concluded that a 50% cluster removal at pea 
size increased the TSS by 7% at harvest. Similarly 
Gu, et al. (10) also reported that crop thinning 
increases the rate of sugar accumulation and thereby 
can advance the time of harvest. 

In present study higher TSS was noted in early 
pruning and reduction in acidity of must was recorded 
with delayed pruning. As a general trend, the pH 
increased along with the sugar concentration as 
grapes matured and total acids declined. Increased 
crop level was resulted in declining trend in acidity 
in must. Sharma et al. (20) also recorded results 
in same manner. The results obtained from wines 

Table 1. Effect of pruning and crop load on must quality. 

Treatments TSS 
(°B)

pH Total 
acidity (g/l)

Volatile 
acidity (g/l)

Pruning
P1 22.43 3.85 6.13 0.06
P2 22.13 3.73 6.03 0.07
P3 20.88 3.71 5.63 0.06
LSD at 5% 0.326 NS 0.103 NS
SEm± 0.154 0.090 0.048 0.004
Crop load
L1 21.46 3.74 6.06 0.07
L2 21.72 3.76 5.90 0.06
L3 22.26 3.80 5.83 0.06
LSD at 5% 0.326 NS 0.103 NS
SEm ± 0.154 0.090 0.048 0.004
Interaction of P*L
P1L1 21.90 3.80 6.40 0.06
P1L2 22.30 3.84 6.10 0.06
P1L3 23.10 3.93 5.90 0.07
P2L1 21.90 3.75 6.10 0.08
P2L2 22.10 3.73 6.00 0.07
P2L3 22.40 3.73 6.00 0.07
P3L1 20.60 3.68 5.70 0.08
P3L2 20.76 3.72 5.60 0.06
P3L3 21.30 3.74 5.60 0.06
LSD at 5% 0.565 NS 0.178 0.018
SEm ± 0.266 0.156 0.084 0.008
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were almost similar to must quality. More ethanol 
was observed in P1 as must of made from the same 
treatment contained more TSS than P2 and P3. 
Acidity was surprisingly higher in P2 wine. But ethanol 
content was minimum in P3. Wine from P2 contained 
maximum colour intensity followed by P1. It has been 
reported by earlier workers that the development of 
color in grapes is highly determined by prevailing light 
and temperature conditions (Jogaiah et al., 13). In 
both P1 and P3 where the pruning was done early 
or late, the berry ripening must have coincided with 
low temperature or high temperature which either 
reduced the synthesis of anthocyanins or degraded 
the accumulated anthocyanins. The temperature 
and light intensity mush have been optimum in the 
treatment P2 which has recorded maximum color 
intensity. Berries from delayed pruning face higher 
temperature at the time of maturity under tropical 
conditions it results in poor colour development in 

berry skin. Late pruning results in negative effect of 
high temperature on colour density, tannin and total 
anthocyanin content in wines (Sadras, 18). Mori et al. 
(15) reported that high night time temperatures tend 
to decrease anthocyanin accumulation and tropical 
Indian conditions, if pruning is delayed results in 
higher temperature at the time of ripening and results 
in poor colour development. More crop loads results 
in reduced wine quality (Bravdo et al, 4). Di Profio 
et al. (5), found that cluster thinning treatments on 
Cabernet franc, Cabernet Sauvignon and Merlot 
had the highest wine anthocyanin and phenol 
concentrations and the highest color intensities 
with respect to control, with an increase in pH and a 
reduction in TA, the last being directly correlated with 
the results of TA on berry and must as well as color 
and total anthocyanins (DiProfio et al., 6).

The GC-MS is widely used for identification 
and quantification of aroma compounds in wines. In 

Table 2. Effect of pruning and crop load on wine quality of Cabernet Sauvignon.

Treatments Gl /Fr (g/l) Total acidity 
(g/l)

pH Ethanol % 
(v/v)

Malic Acid 
(g/l)

Volatile 
acidity (g/l)

Colour 
Intensity 

Pruning
P1 1.39 4.80 3.73 11.03 2.54 0.62 3.65
P2 1.20 5.16 3.85 8.83 3.20 0.66 4.26
P3 0.43 4.23 4.04 10.83 2.63 0.50 2.70
LSD at 5% 0.083 0.101 0.140 1.775 0.172 0.024 0.210
SEM± 0.039 0.047 0.066 0.837 0.081 0.011 0.099
Crop load
L1 0.83 4.63 3.90 9.33 2.90 0.56 3.57
L2 1.36 4.66 3.84 10.56 2.74 0.57 3.77
L3 0.83 4.90 3.88 10.80 2.73 0.65 3.27
LSD at 5% 0.083 0.101 NS NS NS 0.024 0.210
SEM ± 0.039 0.047 0.066 0.837 0.081 0.011 0.099
Interaction of P*L
P1L1 1.49 4.70 3.74 10.40 2.60 0.63 3.63
P1L2 1.50 4.90 3.73 11.00 2.73 0.64 3.96
P1L3 1.20 4.80 3.74 11.70 2.30 0.61 3.35
P2L1 0.90 5.30 3.88 7.00 3.60 0.61 4.08
P2L2 1.40 5.10 3.84 9.80 3.10 0.64 4.45
P2L3 1.30 5.10 3.85 9.70 2.90 0.73 4.27
P3L1 0.10 3.90 4.10 10.60 2.50 0.45 3.00
P3L2 1.20 4.00 3.96 10.90 2.40 0.45 2.91
P3L3 0.00 4.80 4.06 11.00 3.00 0.62 2.20
LSD at 5% 0.144 0.175 0.243 3.075 0.299 0.042 0.363
SEM ± 0.068 0.082 0.114 1.450 0.141 0.020 0.171
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present study, vine plots were differentiated by pruning 
time and results were demonstrated by analysing the 
volatile compounds effect due to the different pruning 
dates. In present study, 19 aroma compounds were 
identified and quantified (Table 3). These were mainly 
organic acids (2), higher alcohols (9), aldehydes (4), 
esters (2), ketone (1) and glycerol. Acetic acid was 
noted with higher concentration than active valeric 
acid. However, downward trend was noticed in acetic 
acid concentration. Among the alcohols Phenethyl 
alcohol was dominant with concentration of 990 µg/L 
followed by 2, 3 Butanediol in P1. In P2 also Phenethyl 
alcohol showed dominance with concentration of 
1318 µg/L and followed by Iso-amyl alcohol (1235 
µg/L). In P3, maximum concentrations recorded 
by Iso-amyl alcohol (1655 µg/L) and followed by 
Phenethyl alcohol. It means delayed pruning was 
resulted in dominance of Iso-amyl alcohol. Butanol 
was absent in P1 but appeared in P2 and similarly 
Acetol was present in P1 which was found absent 
in P2 and P3. Delayed pruning was resulted in 
increased conc. of iso amyl alcohol, butanol and 2,3 
Butanediol. 2,3 Butanediol displays the fruity, sweet 
and buttery note in wine aroma while butanol and 
iso-amyl alcohols are related to sweet, solvent and 

nail polish notes in wines. Acetaldehyde emerged 
major compound in P2 (219 µg/L) and P3 (119 µg/L). 
Acetaldehyde is known for pleasant aroma at lower 
conc. Conc. of acetaldehyde in wines was increased 
in delayed pruning. However, wines of present study 
have lower concentrations. So wines of delayed 
pruning have good aromas. Maximum content of 
Furfural (34 µg/L) was recorded in P1. Ethyl acetate 
was dominant ester with the maximum concentration 
of 99 µg/L in P2 followed by P3. Presence of ethyl 
acetate in wines shows fruity and pineapple aromas. 
Increased concentration of ethyl acetate give a sign of 
better aromas in wines which note in wines obtained 
from delayed pruning.

Quantity of acetic acid was more than active 
valeric acid in studied crop levels and by increasing 
crop levels, concentration of these acids were also 
increased. However, concentration of acetic acid 
was much higher. Among the alcohols, Phenethyl 
alcohol was dominant with 2016, 3045 and 4607 µg/L 
in L1, L2 and L3, respectively and followed by 2, 3 
Butanediol. Presence of acetol was masked in L1 
while it appeared in L2 and L3. Among the compounds 
of aldehyde group, concentration of acetaldehyde 
was maximum in lower crop level while in L2 and L3 

Table 3. Effect of Pruning date on volatile compounds of Wine.

S. 
No.

Compound Group P1 P2 P3
Peak Area Conc. 

(µg/L)
Peak Area Conc. 

(µg/L)
Peak Area Conc. 

(µg/L)
1 Acetic acid Acid 9050487 711 5860936 496 5032927 336
2 Active valeric acid Acid 135740 11 200906 17 182821 12
3 3-Octanol (IS) Alcohol 1273703 100 1182651 100 1496081 100
4 Iso-Butyl alcohol Alcohol 92945 7 907435 77 1585600 106
5 1-Butanol Alcohol - 0 75121 6 95610 6
6 Iso-amyl alcohol Alcohol 1960321 154 14599964 1235 24753250 1655
7 Acetol Alcohol 55888 4 - 0 - 0
8 2,3 Butanediol Alcohol 9704075 762 8502267 719 4128311 276
9 1,2 Propanediol Alcohol 191418 15 287689 24 156593 10
10 1-Propanol, 3 Methylthio Alcohol 53654 4 73166 6 59711 4
11 Phenethyl alcohol Alcohol 12609007 990 15591202 1318 14725573 984
12 Acetaldehyde Aldehyde 129447 10 2585717 219 1786665 119
13 Iso-Butyraldehyde Aldehyde 297955 23 251618 21 188250 13
14 Furfural Aldehyde 436446 34 155549 13 281395 19
15 2-Furaldehyde, 5 

hydroxy methyl
Aldehyde 167516 13 534878 45 83271 6

16 Ethyl acetate Ester 78810 6 1165856 99 1012706 68
17 Ethyl lactate Ester 87003 7 69825 6 182934 12
18 Butyl Lactone Ketone 277933 22 88894 8 60891 4
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and furfural was found dominant with 145 and 149 
µg/L (Table 4). 2-Methyl Butanal showed presence in 
L1 only. In L1 and L2 ethyl acetate was noticed with 
more conc. while in L3 ethyl lactate was more than 
ethyl acetate. So, more conc. of ethyl acetate shows 
fruity nature of aromas in L1 and L2 wines.

Volatile acidity contributes to the basic aroma of 
wine, but in excess can be regarded as undesirable or 
offensive. Fusel alcohols have a strong pungent smell 
and taste. Although they exhibit a harsh flavours, 
unpleasant aroma at the concentrations generally 
found in wine, below 300 m/L they usually contribute 
to the desirable complexity of wine. High levels of 
alcohol can alter the sensorial quality of wines by 
increasing the perception of hotness and, to a lesser 
extent, by decreasing the perception of sweetness, 
acidity, and aroma (Escudero et al., 8 and Gawel et 
al., 9). Short chain, volatile aldehydes are important 
to the flavour and aroma of wine. Characteristic 
contributing flavours range from “apple-like” to 
“citrus-like” to “nutty” depending on the chemical 
structure. The fresh, fruity aroma of young wines 
derives in large part from the presence of the mixture 
of esters produced during fermentation. Esters with 

the exception of ethyl acetate, contribute fruit and 
flower notes to wine aroma. Glycerol is usually found 
in wines at concentrations in the range of 5 to 9 g/liter 
and contributes positively to the quality of wine by 
providing body and sweetness (Noble and Bursick, 
16).No relationship to wine quality was observed 
when Boulton (2) managed three crop levels by 
cluster thinning right after fruit set: unthinned control 
(60 to 80 clusters/vine); medium crop level (40 
cluster/vine retained); low crop level (20 clusters/
vine retained).But in present study, differences in 
concentrations of various compounds are observed. 
Composition of aroma compounds in given wine 
decides flavour of wine. Presence of Acetol was 
disappeared in delayed pruning while butanol was 
appeared in wines prepared from P2 and P3. Bravdo 
et al. (3) described that quality tended to be slightly 
better in wines made with Cabernet Sauvignon of 
the unthinned treatment than in wines from reduced 
crop imposed after bloom. Bravdo et al. (4) found 
that the volatile acids were high in unthinned wines 
in two years. Wood (22) concluded that the lowest 
crop load does not always result in premium wine 
quality. Crop thinning had a detrimental effect on 

Table 4. Effect of crop load on volatile compounds in wines.

S. 
No.

Compound Group L1 L2 L3
Peak Area Conc. 

(µg/L) 
Peak Area Conc. 

(µg/L)
Peak Area Conc. 

(µg/L) 
1 Acetic acid Acid 7825497 1312 8861191 2334 9050487 7825497
2 Active valeric acid Acid 177649 30 148430 39 135740 50
3 3-Octanol (IS) alcohol 596324 100 379687 100 273703 100
4 Iso-Butyl alcohol alcohol 302959 51 160486 42 92945 34
5 Iso-amyl alcohol alcohol 5902031 990 3432786 904 1960321 716
6 Acetol alcohol BDL 0 86379 23 55888 20
7 2,3 Butanediol alcohol 7934090 1330 9694792 2553 9704075 3545
8 1,2 Propanediol alcohol 145788 24 201231 53 191418 70
9 1-Propanol, 3 Methylthio alcohol 34117 6 58159 15 53654 20
10 Phenethyl alcohol alcohol 12020696 2016 11561899 3045 12609007 4607
11 Acetaldehyde Aldehyde 475960 80 154620 41 129447 47
12 Iso-Butyraldehyde Aldehyde 426986 72 309099 81 297955 109
13 2-Methyl Butanal Aldehyde 53806 9 BDL 0 BDL 0
14 Furfural Aldehyde 260928 44 550388 145 436446 159
15 2-Furaldehyde, 5 hydroxy 

methyl
Aldehyde 28032 5 32722 9 167516 61

16 Ethyl acetate Ester 235226 39 143206 38 78810 29
17 Ethyl lactate Ester 118405 20 116528 31 87003 32
18 Butyl Lactone Ketone 125473 21 194433 51 277933 102

BDL: Below Detectable Limit
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wine quality by disturbing the natural balance of the 
vine, increasing vegetative growth and negatively 
affecting the light environment within the fruiting 
zone. The must quality is affected by both pruning 
time and crop levels in present study. Presence 
and concentrations of aroma compounds has own 
role deciding acceptance level of wines. In present 
study aroma compounds and their concentrations 
in wines were affected by pruning dates and crop 
levels. However, further studies are needed based on 
accumulated degree days, relation of environmental 
conditions after veraison with sugar types, their 
ratios, different type acids and their levels in berries. 
Such type studies will helpful in defining aromas of 
wines obtained from tropical conditions. 
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